Extensive mark-recapture data from banner-tailed kangaroo rats, Dipodomys spectabilis , have shown that both males and females are highly philopatric and suggest the possibility of close inbreeding. However, indirect analyses based on genetic structure appear to contradict direct observations, suggesting longer dispersal distances. Using microsatellite genotypes from most members of a banner-tailed kangaroo rat population during five successive breeding seasons, we ask how relatedness is influenced by dispersal and how it in turn influences mating patterns. The data confirm that, because of philopatry, neighbours are often close relatives. However, patterns of parentage also show that the average distance between mates is large relative to natal dispersal distances and larger than the average distance between nearest opposite-sexed neighbours. Females' mates were often not their nearest male neighbour and many were less related than the nearest male neighbour. We detected multiple paternity in some females' litters; both sexes produce offspring with multiple mates within and between breeding seasons. At the population level, heterozygosities were high and estimates of F were low, indicating that levels of inbreeding were low. Using individual inbreeding coefficients of all juveniles to estimate their parents' relatedness, we found that parental relatedness was significantly lower than relatedness between nearest opposite-sexed adult neighbours. Thus in philopatric populations, long breeding forays can cause genes to move further than individuals disperse, and polyandry may serve to reduce relatedness between mates.
Introduction
The importance of dispersal distances in population biology is widely recognized, as is the difficulty of estimating them (Clobert et al . 2001) . Direct and indirect estimates of dispersal distance (measured by following individual animals and inferred by observing spatial allele distributions, respectively) each have limitations and both are rarely available from the same population. One of many problems in dispersal studies is that when direct and indirect estimates of dispersal distance are available, they often contradict each other (Dobson 1994; Peacock & Ray 2001; Sumner et al . 2001) . A second problem is that dispersal is often suggested to evolve as an inbreeding avoidance mechanism, yet some species are characterized by extreme philopatry (e.g. among mammals; Amos et al . 1993; Stockley et al . 1993; Peacock 1996; Sillero-Zubiri et al . 1996) . These two problems seem unrelated. In this paper we explore the possibility that at least in some cases they both stem from the same cause -cryptic aspects of breeding systems may effectively disperse genes further than individuals.
Banner-tailed kangaroo rats ( Dipodomys spectabilis ) illustrate both problems. Populations of these larder-hoarding, granivorous rodents were early subjects for dispersal studies because they are trapped easily at or near their natal and breeding dens ( Jones 1984 ( Jones , 1987 . They are highly philopatric, exhibiting median natal-to-breeding site dispersal distances of 16.5 and 11 m for males and females, respectively ( Jones et al . 1988) . Over 75% of juveniles that survive to breed do so within one home range diameter of their birthplace ( Jones 1984 ( Jones , 1987 . Secondary dispersal by breeding adults is even less common, adding only about 10% to these natal dispersal distances (Waser & Elliott 1991) .
Philopatry sets the stage on which adults could risk breeding with close relatives. From dispersal distances and mortality patterns, Jones (1982) estimated that adults have a 40% chance of residing next to an opposite-sexed parent or sibling. The possibility that banner-tailed kangaroo rats could engage in close inbreeding is reinforced by observations of male-male mate competition which showed that older males monopolized their nearest female neighbours (Randall 1991) and by data from both live trapping and radiotelemetry which suggest that animals move only short distances during the mating season (e.g. Schroder 1979; Jones 1984) .
Several genetic analyses, however, raise the possibility that existing data on dispersal and mating patterns are incomplete. First, allozyme studies showed relatively high heterozygosities and low inbreeding coefficients ( F IS ), providing no clear evidence for a pattern of breeding among relatives (Elliott et al . 1989) . With the same allozyme data, Waser & Elliott (1991) used spatial autocorrelation to look for evidence of local genetic structure as would be expected in a population with limited dispersal. They found no evidence that alleles were clustered spatially. Furthermore, although low allozyme variation prevented systematic parentage analysis, all adult males within 50 m of some juveniles could be excluded as fathers. Third, minisatellite DNA fingerprinting was used to test the relationship between pairwise band sharing (a measure of relatedness) and distance (Keane et al . 1991) . A negative relationship is expected if dispersal is limited. Keane et al . (1991) found no relationship. In fact, band-sharing values between individuals living 50-100 m apart were no different than between individuals separated by 5 km.
The more powerful methodology introduced by Rousset (2000) has partly resolved this apparent discrepancy. Rousset's method uses the relationship between an analogue of F ST / (1 − F ST ) and log(distance) measured between pairs of individuals to estimate the mean squared gene dispersal distance. Applied to our kangaroo rats, this approach gives a value that is approximately 1.8 times the demographic estimate. Waser & Elliott (1991) suggested a resolution that may explain the remaining mismatch of 1.8 × between direct and indirect estimates of dispersal distance: an extra step of 'gamete dispersal' caused by male (or female) excursions away from their dens during the breeding season. Any such excursions by males (or females) would have the potential not only to disperse gametes, but also to reduce inbreeding.
At present, behavioural observations are the only available data describing D. spectabilis mating patterns (Randall 1987 (Randall , 1991 . These observations are difficult to obtain because banner-tailed kangaroo rats are nocturnal and spend the majority of their time in their underground burrows. Microsatellite DNA provides a powerful means to assign parentage accurately, as demonstrated by the ability to detect unexpected mating patterns in other mammals. There is genetic evidence in pair-forming mammals of extra-pair copulations (e.g. Sillero-Zubiri et al . 1996; Goossens et al . 1998; Spencer et al . 1998; Fietz et al . 2000; Roemer et al . 2001 ) and females mating outside of breeding groups (e.g. Keane et al . 1997; Wilmer et al . 1999) . In this study, we apply such techniques to kangaroo rats for the first time, asking whether genetic data confirm behavioural observations of mating patterns and especially whether there is evidence of inbreeding avoidance.
Methods

Study site, field methods and natural history
Our population of banner-tailed kangaroo rats is the subject of long-term, continuing analyses of demography and dispersal (e.g. Jones 1987; Waser & Elliott 1991) and is located in the extreme southeastern corner of Arizona (31 ° 37 ′ N, 109 ° 15 ′ W). The data reported here were collected between March of 1990 and August of 1994 during standard mark-recapture censuses using Sherman live traps and numbered ear tags.
The banner-tailed kangaroo rat is a solitary, nocturnal rodent whose survival depends on acquiring a den of its own and then caching a considerable store of food within. The den (hereafter 'mound') consists of a labyrinth of tunnels that lie beneath a conspicuous earthen mound. The mound and its food stores are vital resources defended vigorously against conspecific intruders (Randall 1984) . Individual mounds are located easily and adults have capture probabilities averaging 98% in each census (Cross & Waser 2000 ; J. Skvarla unpublished data). Neighbouring mounds are close together: in this study, adult females were separated from their nearest adult male neighbour by 28 m. Detailed descriptions of the study site and trapping methodology can be found in Jones (1982 Jones ( , 1984 and Winters (2001) .
Adult males and females live in separate mounds and normally only mothers and their immature offspring share a mound (Vorhies & Taylor 1922) . This makes it possible to assign maternity from trapping records. Based on radiotracking, Jones (1982 Jones ( , 1984 developed the following criteria: if a juvenile is captured two or more times at the mound of an adult female and at no other mound, that adult female is the field-assigned mother. Also, adults are assigned mound ownership if they are trapped at a mound at least twice and more often than any other adult. Some adults, especially females, are known to maintain secondary mounds near their primary mounds.
Breeding is seasonal and mating occurs from November to May (Randall 1991) . Most offspring emerge between March and June (Waser & Jones 1991) . Females produce one to four litters of one to three offspring per year. They disperse by August of their first year or may acquire their natal mound if the mother dies or disperses. Once juveniles have established residence in a mound, they begin caching seeds and are ready to breed at the end of their first year. Annual adult mortality is 50 -60% and the longest lifespan observed at this site was 6 years (Waser & Jones 1991, P. Waser unpublished data) . For a detailed description of the natural history of D. spectabilis , see Vorhies & Taylor (1922) and Holdenried (1957) .
Microsatellite genotyping
We took ear snips from captured individuals and stored them in liquid nitrogen or a − 80 ° C freezer. DNA was extracted using standard phenol-chloroform extractions (Sambrook & Russell 2001) or QIAamp® DNA Mini Kits (Qiagen Inc., Valencia, CA, USA). We genotyped individuals at five microsatellite loci (Ds1, Ds3, Ds19, Ds28 and Ds46; Davis et al . 2000) . Ds19 is an X-linked locus. The polymerase chain reaction (PCR) was carried out in a total volume of 15 µ L with 0.16 µ m fluorescently labelled forward primers (6-FAM, TET or HEX, IDT DNA Technologies, IL, USA), 0.16 µ m unlabelled reverse primers, 0.14 m m dNTPs, 2.0 m m MgCl 2 , 0.3 U Taq polymerase, and 1 × PCR buffer in a Perkin-Elmer 9700 thermalcycler. The PCR products were separated on an ABI 377® automated sequencer and analysed using GeneScan Analysis 3.1® and Genotyper 2.0® software (Applied Biosystems, Foster City, CA, USA). All automated allele scoring was confirmed manually. From a set of individuals that we genotyped and scored multiple times at a locus, we estimated our genotyping error rate to be 0.01. This error rate is similar to those reported in other microsatellite analyses (Marshall et al . 1998; Wilmer et al . 1999; Gerber et al . 2000) .
Parentage assignment
We used a combination of exclusion and likelihood analyses to assign parentage. A strictly exclusionary approach was used with locus Ds19 as it is X-linked and cannot be used in likelihood calculations that assume Hardy-Weinberg equilibrium. After excluding adults that were incompatible at Ds19, we used the likelihood-based parentage inference program cervus 2.0 with the remaining four loci (Marshall et al . 1998 ; http://helios.bto.ed.ac.uk/evolgen).
Identifying candidate parents is a critical step in genetic parentage studies. Including too many candidate parents will make assigning one parent of each sex difficult unless the resolving power of the genetic data is very high. Therefore, we limited the number of candidate parents considered for each offspring using criteria developed from known adult movement patterns. In a New Mexico population, the maximum distance Schroder (1979) radiotracked a banner-tailed kangaroo rat from its mound was 49 m ( n = 12 radiotracked individuals). On another Arizona site, males were reported visiting females from as much as 125 m away ( Fig. 1 in Randall 1991 ), but all observed mating interactions were with males living 10 -40 m away. Spool-and-line tracking during the breeding season on our study site determined that 95% of male visits were to mounds < 80 m away, with a maximum of 102 m ( n = 25; M. Steinwald unpublished data). Breeding season mark-recapture records during the span of this study confirmed the sedentary nature of both males and females: 95% of adult male captures were within 68 m (max 122 m), and 95% of adult female captures were within 26 m (max 48 m) of their primary mounds. Therefore, we included adults as candidate parents only if their primary mounds were within 100 m of the mound where a juvenile was first captured.
We performed four separate parentage analyses in cervus with each year's data. The first two analyses (maternity and paternity) were performed assuming no parent was known. From these data, we accepted parentage if the most-likely parent was within 100 m, given a confidence level of at least 80% by cervus , and had no incompatible loci with the offspring. cervus determines a multilocus likelihood score for each candidate, which indicates how much more likely it is that the candidate, rather than a random unrelated member of the population, passed its genes to the offspring (Edwards 1972; Marshall et al . 1998 ). Confidence in cervus is determined by the difference between the likelihood scores of the most-likely candidate parent and the second-most-likely candidate parent. This difference, ∆ (delta), must be large enough to satisfy the 80% confidence cutoff determined by cervus via a parentage simulation (Marshall et al . 1998) . In four cases, we also accepted maternity when the most-likely female was assigned a confidence level less than 80% because the female lived less than 25 m from the offspring and had no genetic incompatibilities.
After the first round of parentage was complete, we performed two further parentage analyses: maternity assuming a known father and paternity assuming a known mother. From this second round of parentage analyses we could assign mated pairs of adults that were compatible with an offspring.
Relatedness estimation and other estimators
We used Queller & Goodnight's (1989) regression-based estimator of relatedness. We use ' R ' to refer to any estimated value of genetic relatedness rather than ' r ', which denotes the true relatedness based on knowledge of a pedigree. The program kinship 1.3.1 (Goodnight & Queller 1999 ; http://gsoft.smu.edu/GSoft.html) was used to calculate all pairwise R -values during each year.
We used cervus 2.0 to calculate allele frequencies and average exclusion probabilities and perform goodness-offit tests for Hardy-Weinberg equilibrium at each locus. We used fstat 2.9.3 (Goudet 2001) to test for linkage equilibrium and to calculate the population inbreeding coefficient F . We also used the individual heterozygosities of all juveniles to estimate their individual inbreeding coefficients, calculating ( H E -H O )/ H E at each locus and then averaging across loci for each juvenile. Statistical tests were run in systat and all distributions were tested for normality before t -tests were performed. Means are reported as X ± se . Individual heterozygosities based on four loci are not normally distributed, so we compared them using U -tests.
Results
We captured 234 individual kangaroo rats between 1990 and 1994, including 135 first trapped as juveniles. Based on 74 juveniles that survived to reproductive maturity, the root-mean-square (rms) natal-to-breeding site dispersal distance during this study was 47 m (Fig. 1a) .
Of the 234 captured individuals, 18 were genotyped at three and 165 at all four autosomal loci. Only 15 of the 51 individuals for which we lacked adequate genotypes survived to maturity and could have been parents. Mark-recapture analysis indicated that the percentage of candidate parents sampled each year ranged between 80 and 99%.
All autosomal loci had from five to eight alleles and observed heterozygosities ranged from 50 to 82%. The mean heterozygosity over all autosomal loci and years was 0.72 ± 0.02. In the 5 years of this study, the total average exclusionary power when neither parent is known ranged from 0.77 to 0.81 and from 0.93 to 0.95 when one parent is known. We genotyped 157 individuals at Ds19, the Xlinked locus, and detected 14 different alleles. All 69 males were hemizygous (apparent homozygotes) and only 11 of 88 females were homozygous. cervus 2.0 detected no deviations from Hardy-Weinberg equilibrium at any autosomal locus. fstat 2.9.3 indicated that all pairs of autosomal loci were in linkage equilibrium and 75% of F estimates were ≤ 0 (Table 1) .
Of the 135 juveniles, we were able to assign a mother to 72, a father to 62, and both parents to 43. Forty-one percent of the parentage assignments met or exceeded the 95% confidence levels in cervus . On average, there were 4.2 candidate fathers and 3.6 candidate mothers within 100 m of each juvenile. In 67/270 (25%) of analyses, we could not assign a parent because there were no genetically compatible adults within 100 m. In 32/270 (12%) of our analyses, we could not determine parentage because the delta score was too low to resolve among multiple compatible candidates. distances between male and female primary mounds of the 37 mated pairs. Both distributions are truncated at 100 m. The study site was > 2 km on a side, so that we could detect long-distance dispersal, but only five of the animals in our population dispersed further than 100 m (105, 140, 165, 218 and 421 m). Mated pairs whose mounds were separated by > 100 m also probably exist. Because we excluded adults > 100 m from a juvenile as candidate parents, the fact that most juveniles were trapped near their mothers meant that we rarely considered males more than 100 m from the mother as candidate fathers.
Thirty-seven mated pairs produced the 43 juveniles to which both parents could be assigned. Among the 37 mated pairs, we detected 11/22 males (50%) that mated with more than one female and 7/25 females (36%) that mated with more than one male (Appendix I). Females mated with the same male in different breeding seasons, switched mates between and within breeding seasons, and produced litters sired by multiple fathers. Multiple paternity was documented by parentage assignment in two different females (Appendix I), and was detected in two more females' litters by analysing the paternal alleles in their offspring. The frequencies of multiply mated individuals are probably underestimates because only one-third of all juveniles sampled were assigned both parents.
Field-assigned maternities were available for 42 juveniles and Jones's (1982) criteria for assigning them seem robust when compared to genetic data. Genetic maternity assignments agreed with field-assigned maternity 28 of the 29 times (96.5%) that both maternity assignments were available. In six of the remaining 13 cases, genetic data were consistent with the field-assigned maternity but the delta values were too low to assign the most likely mother; in two cases, we had no genotype from the field-assigned mother and in five, cervus excluded all females within 100 m, suggesting that these juveniles had already dispersed. Also, of the four cases in which confidence was less than 80% (see Methods), three genetic assignments matched the field-assigned mother, and in the fourth there was no field-assigned mother.
We calculated distances between the mounds at which juveniles were first captured and the primary mounds of their assigned parents. The mean offspring-to-mother distance was 18 ± 3 m (median = 10 m, range 0-94 m, n = 72). A clear pattern emerges if these distances are plotted against offspring weight (an index of age) when first captured. All juveniles that weighed less than 70 g at first capture were at a mound owned by their genetically assigned mother while all offspring more than 30 m away from their genetically assigned mother weighed > 70 g (Fig. 2a) and could have already dispersed ( Jones 1982) . In contrast, the mean offspring-to-father distance was 50 ± 3.5 m (median = 49 m, range 0 -99 m, n = 62), and there was no relationship between offspring-father distance and offspring weight (Fig. 2b) .
The mean distance between mates (51 ± 4 m, range 13 -94 m, n = 37 , Fig. 1b) was almost twice as great as the mean distance between those 37 females and their nearest male neighbours (28 ± 2 m, range 10-56 m, paired t -test: t 36 = − 5.14, P < 0.001). The rms distance between mates was 56 m.
The mean relatedness between offspring and the parents assigned to them was 0.53 ± 0.02 (range 0.0 -1.0, n = 135) and was not significantly different than 0.5 (one-sample t-test: t 134 = 1.62, P = 0.11).
Not surprisingly, given the known philopatric tendencies of the species, the mean relatedness between a female and her nearest male neighbour was significantly greater than zero (X = 0.17 ± 0.03, range −0.67-1.00, one-sample t-test: t 111 = 5.128, P < 0.001). Given this result, it was surprising that the mean relatedness between mates (0.07 ± 0.06, n = 37, range −0.59 -0.83) was less than half this Fig. 2 (a) Offspring-mother distances as a function of offspring weight. (b) Offspring-father distances as a function of offspring weight. Offspring weight is used as an index of age. The black circles in scatterplot (a) represent offspring captured first at mounds owned by their genetically assigned mother and the grey triangles represent juveniles captured first at nonmaternal mounds (there is no such distinction in (b)). Jones (1982) showed that offspring weighing < 70 g did not disperse, a pattern confirmed here by the fact that all offspring < 70 g were captured at maternal mounds. If our parentage assignments were unreliable, incorrect maternity assignments would appear as grey triangles in the < 70 g area. Paternity data also confirm the lack of dispersal among juveniles weighing < 70 g; in (b), the only offspring in close proximity to their genetically assigned fathers all weighed > 70 g. value and not significantly different from 0 (one-sample t-test: t 36 = 1.34, P = 0.19).
Twenty-seven of 37 females (73%) mated with a male that was not their nearest neighbour. On average, these 27 females' relatedness to their mates (0.08 ± 0.06) was approximately half the mean relatedness to their nearest male neighbour (0.14 ± 0.05), but the two estimates are not significantly different (paired t-test: t 26 = 0.874, P = 0.39).
The mean relatedness of all parents in the population, estimated from the individual heterozygosities of the 135 juveniles we sampled, was 0.01 ± 0.03, significantly lower than the mean relatedness between the 112 adult females we sampled and their nearest male neighbours (0.17 ± 0.03, Mann-Whitney U-test: U 1 = 5563, P < 0.001)
Discussion
This is the first study to demonstrate polyandry and multiple paternity in the rodent family Heteromyidae. Because the number of alleles per locus in this study was never < 5, our average exclusion probabilities were encouragingly high. We were able to assign at least one parent to 67% of the offspring examined. We are confident in the accuracy of these parentage assignments for four reasons. First, the mean offspring-parent relatedness value was not significantly different than expected (R = 0.5). Second, and as expected of altricial young, all predispersal offspring were near their assigned mothers (Fig. 2a) . Third, the mean offspring-to-father distance was similar to the mean distance between mates, which was again expected, because juvenile mammals are closely associated with their mothers, and fourth, when a field-assigned mother was known and a genetic maternity assignment was accepted, they were identical 28 of 29 times.
Our data support the general idea that cryptic aspects of the breeding system can serve to disperse genes further than individuals. The data also confirm Jones's (1982) inference that opposite-sex adult neighbours are often close relatives. The mean relatedness of females to their nearest male neighbours was 0.17, and 47/112 (42%) females had a nearest male neighbour with R > 0.25. Clearly, dispersal by itself does not eliminate the possibility of inbreeding.
The dynamics of male-male competition, as well as female tolerance of nearby males, give the nearest male a mating advantage (Randall 1991) . Nevertheless, genetic data indicate that the majority of females mated with nonneighbouring males. Furthermore, most mates were not closely related and although an unknown proportion of matings went undetected, estimates of F (Table 1) and relatively high mean heterozygosities in our population (X = 0.72 compared to 0.62 for a survey of 78 animal species, DeWoody & Avise 2000) suggest that effective mating between close relatives is rare.
One might argue that the juveniles whose parents we could identify were a biased sample of all juveniles, for either of two reasons. Our convention of excluding adults living > 100 m from a juvenile in parentage analyses might result in a bias against detecting outbred matings. However, the heterozygosities of offspring for which we found one parent, but had no compatible candidates for the other parent within 100 m of the offspring (n = 32, X = 0.65 ± 0.05) were not greater than the heterozygosities of offspring for which we found both parents (n = 43, X = 0.67 ± 0.04; Mann-Whitney U-test, U 1 = 674.5, P = 0.88).
Conversely, we could not assign parentage to many offspring because more than one potential mother (or father) had similarly high likelihood scores; if these cases reflected clustering of close relatives, then our parentage assignments might have been biased against detecting inbred matings. However, the heterozygosities of these offspring (n = 11, X = 0.89 ± 0.04) were higher, not lower than those of the 43 offspring with both parents known (Mann-Whitney U-test: U 1 = 357.5, P = 0.01), indicating that there is no bias against detecting inbred offspring.
We also compared individual heterozygosities of the 43 offspring assigned both parents to the 44 offspring assigned no parents (X = 0.75 ± 0.03), there was no significant difference (Mann-Whitney U-test: U 1 = 1127, P = 0.11).
Distances between mates (Fig. 1b) are similar in magnitude to natal dispersal distances (Fig. 1a) . Because offspring are born at females' mounds, distances between mates represent 'gamete dispersal distances', the equivalent of pollen dispersal distances in plants. As has been demonstrated by Crawford (1984) , genetic neighbourhood size is proportional to , where is the mean square natal dispersal distance, is the mean square distance between mother and father, and the 1/2 accounts for the fact that only male genes move during this step, as offspring are born in females' mounds. Our sample of distances between mates is small and, because we exclude potential mates separated by > 100 m, it probably underestimates . Nevertheless, our estimate of the rms mother-father distance (σ g = 56 m) exceeds the rms dispersal distance (σ n = 47 m); substituting these values into Crawford's equation indicates that gamete dispersal increases neighbourhood size by a factor of 1.7.
Gamete dispersal distances appear to be substantially longer than the minimum required based on distances between nearest opposite-sexed neighbours (28 m). Kin discrimination through olfactory phenotype matching could produce longer gamete dispersal distances, but females might also simply avoid mating with nearby males. Many females mated with males that were not their nearest neighbour and the effect of 'choice' on relatedness was in the expected direction. Power analysis indicates that the inbreeding reduction we observed, if real, would be significant with a sample size of 90.
There is a second line of evidence that females mate with more distant males when nearby males are close relatives. The relatedness of the opposite-sexed nearest neighbours in our population was significantly greater than that of parents in our population if we estimate the latter from the individual inbreeding coefficients of all juveniles. This result suggests that females' offspring which survive long enough to be sampled by our methods are often conceived by males less related to them than their nearest male neighbour. This difference in relatedness might reflect traditional premating mate choice, cryptic female choice (Tregenza & Wedell 2000) , or in utero or neonate mortality due to inbreeding depression (Keller & Waller 2002) .
The discovery of polyandry and multiple paternity suggests another interesting possibility. Bateman's (1948) experiments with Drosophila melanogaster established the paradigm that while males can increase their fitness linearly by increasing their number of mates, females cannot. Nevertheless, the benefits of polyandry must outweigh the costs in many instances because polyandry is not at all uncommon (e.g. in mammals; Schwagmeyer 1982; Boellstorff et al. 1994; Keane et al. 1994; Murie 1995; Hoogland 1998; Koprowski 1998) . A female can reap benefits for herself (direct material benefits) or her offspring (indirect genetic benefits) by being polyandrous. For most mammals, paternal investment in offspring is so small that only genetic benefits (Jennions & Petrie 2000) would apply. Because relatives are likely to be neighbours in philopatric populations females could benefit genetically from polyandry, especially if they cannot avoid copulations with related males or distinguish kin from nonkin (Stockley et al. 1993) . After copulation, the arena for sexual selection becomes internal and females may then cryptically choose males based on relatedness or genetic compatibility (Zeh & Zeh 1996 Tregenza & Wedell 2000) . Therefore, polyandry may be a mechanism capable of reducing inbreeding and, coincidentally, increasing genetic dispersal distances in philopatric populations. Peter Waser's laboratory has used the banner-tailed kangaroo rat as a model system to investigate dispersal's causes and consequences for more than 20 years. Jonathan Winters was a student of Peter Waser and this work was part of his MS research. Winters' interests include using molecular markers as aids to conservation biology, sexual selection and the evolution of mating systems.
